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EVALUATION OF BONE REGENERATION FOLLOWING CONCENTRATED
AND NON-CONCENTRATED AUTOLOGOUS BONE MARROW
TRANSPLANTATION IN A RABBIT OSTEONECROSIS MODEL
M. Li, II 1, H. Mishima, IV 1, T. Ogawa, III 2, H. Sugaya, III 1, T. Ishii V 3,
N. Ochiai, Sr. 1. 1Univ. of Tsukuba, Tsukuba, Japan; 2Kikkoman Gen. Hosp.,
Noda, Japan; 3 Tokyo Med. Univ. Ibaraki Med. Ctr., Inashiki, Japan
Purpose: Osteonecrosis of the femoral head is also known as ischemic
necrosis. We used concentrated autologous bone marrow aspirate trans-
plantation (CABMAT) to treat this disease, obtaining good clinical results.
Using autologous bone marrow transplantation,Sakai S et al reported that
the concentrations of ﬁbroblastic colony-forming-unit (CFU-F) were
approximately 5-fold higher than in the concentrated bone-marrow
aspirates.Ogawa T et al observed bone regeneration following drilling in
a necrosis model using the fourth tarsal bone of rabbits. Using a femoral
head necrosis model, Zuoqin Yan et al reported differentiation of osteo-
blasts following mesenchymal stem cell transplantation,contributing to
bone repair. The CABMAT has become a new treatment option for previ-
ously difﬁcult to treat cases of femoral head necrosis. However, it has not
been conﬁrmed if it leads to restoration of the biological and biome-
chanical properties of necrotic osteochondral tissue. We therefore con-
ducted this experiment to examine the histological changes following
transplantation with concentrated and non-concentrated bone marrow
aspirate in necrotic bone tissue.
Methods: Using 36 12 week-old adult female(bones¼72) Japanese white
rabbits, we compared the effects of concentrated bone marrow trans-
plantation (CM), bone marrow transplantation (M), and drilling (D). In
Group D, a hole was drilled in three places along the cortical bone, and a 2
mm diameter Kirschner wire was inserted under the skin following
immersion in liquid nitrogen. In Group M, bone marrow (3 ml) was
obtained from the iliac and injected into the holes. In Group CM,
concentrated marrow was obtained from bone marrow (20 ml) collected
by a syringe containing acid citrate dextrose (ACD) solution (2ml) from the
iliac, which was then injected into the holes. We sacriﬁced three
rabbits(bones¼6) in each group 2,4,8, and 12 weeks after transplantation
and their bones (the fourth tarsal bone) were evaluated for temporal
changes. A calcein ﬂuorochrome label (20 mg/kg body weight) was
injected subcutaneously 1 week and 2 days before the animals were killed.
The bones were embedded in resin to create hard tissue specimens and
staining (toluidine blue, tartrate-resistant acid phosphate (TRAP), and
alkaline phosphatase (ALP) was applied. By measuring the ﬂuorescence-
labeled trabecular surface, newly formed bone was calculated as
a percentage of the surface area of all trabecular bone. We measured the
number of colony forming units, platelet count (PLT), and the number of
bone marrow cells to evaluate the concentration of bone marrow.
Results: We observed an increase in bone formation at 4, 8 and 12 weeks
when comparing the results from toluidine blue staining (Fig. 1). By
contrast, with ALP staining, the number of osteoblasts was found toincrease at 4 and 8 weeks, but decrease at 12 weeks (Fig. 2). TRAP staining
showed there was an increase in the number of multinucleated osteoclasts
after 4, 8 and 12 weeks (Fig. 3). The concentration rate of transplanted
bone marrow was more than double that of the average. Conclusions: In
our experiment, concentrating the bone marrow increased the number of
transplanted mesenchymal stem cells, which enhanced the bone regen-
eration capacity. We also conﬁrmed that early bone formation and
resorption was greater in bones of rabbits in the concentrated bone
marrow transplantation group than in those in the non-concentrated
group.
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